The present paper reviews the geological development of the Faroes part of the NE Atlantic Margin in the Cenozoic Era. The Faroes area is located west of the post-Caledonian rift basin system formed in the Devonian after the collapse of the Caledonian mountains. Tectonic movements and plate reorganizations during several phases have strongly influenced sedimentation and erosion along the Caledonian front. During the Cenozoic four main tectonic phases with uplift, non-deposition or erosion, had a major influence on basin development and structural setting. First, the arrival of the Icelandic plume to the Faroes area caused a series of uplift phases, which are recorded in the Selandian-Early Ypressian sedimentary succession. Second, tectonic uplift in the Middle Eocene ended the period of almost continuous subsidence of the Judd Basin since the Danian. In the Middle and Late Eocene new depocentres formed in the northern part of the Faroe-Shetland Trough and in the Faroe Bank Basin. Third, due to uplift and sea-level fall in the Late Oligocene, widespread erosion of the Eocene and Oligocene successions resulted in a major unconformity on the shelf. Finally, in Neogene times, folding and uplift of the Fugloy Ridge occurred contemporaneously with renewed subsidence in the northern part of the Faroe-Shetland Trough and the Faroe Bank Basin.
INTRODUCTION
A prospective Paleocene succession is believed to be present in the Faroes part of the Faroe-Shetland Trough. However, thick sequences of basalt make exploration both challenging and risky. The 3+ km thick succession of basalt is furthermore overlain with Palaeogene and Neogene sediments of varying thickness. The present work was carried out to evaluate the geological development of the area and the impact of the deposition of the basalts and the post-basalt sediments on the petroleum system. Seismic mapping of the basalt and the overlying successions was carried out, together with stratigraphic studies on some UK wells.
The seismic database consisted of most of the multi-client 2D data acquired in the Faroes offshore by WesternGeco, Veritas DGC Ltd, Fugro-Geoteam and TGS-Nopec A/S in the period 1994-1997 -in total about 27 000 km of seismic lines. The 3D seismic data acquired by Digicon in 1996 and 1997 in the Judd Basin, together with 2D seismic lines in the Flett Basin, formed the basis for more detailed interpretation of the Paleocene succession. The well database comprised about 20 released UK wells. No exploration wells had been drilled in Faeroese waters when this study was carried out. A sequence stratigraphic study of the Paleocene in the Faroe-Shetland Channel carried out by Andsbjerg & Sørensen (1999) was also made available for the interpretations presented here.
PRE-CENOZOIC GEOLOGICAL DEVELOPMENT OF THE NE ATLANTIC MARGIN AROUND THE
FAROE ISLANDS The Faroes area ( Fig. 1) has undergone a very complex geological development in response to the different phases of the structural evolution of the margin (Knott et al. 1993; Doré et al. 1997 Doré et al. , 1999 Dean et al. 1999; Roberts et al. 1999) .
Three major structural events were of particular importance: (1) the Caledonian orogeny in the Silurian, followed by erosion and subsequent extensional collapse of the mountains during the late Palaeozoic; (2) a Mesozoic-Early Cenozoic rift phase with deposition of thick Middle Jurassic-Paleocene sediments; and (3) the opening of the North Atlantic, accompanied by eruption of basaltic lava and followed by renewed subsidence and deposition during the Eocene. Subsequently, three compressional phases in the Eocene, Oligocene and Miocene repetitively caused major inversion in the area.
The Caledonian orogeny
The Caledonian mountains extend from northern Norway southwestwards through Scotland into southern Ireland. On the other side of the Atlantic, the East and Northeast Greenland mountains are also of Caledonian age (Henriksen et al. 2000) . The Rockall Trough and the Faroe-Shetland Trough are located along or to the west of the Moine Thrust Zone, the western limit of the Caledonian orthotectonic province (Fig. 1 ). Lewisian gneisses have been found offshore in wells in the Faroe-Shetland Trough in Quadrants 205, 206, 207 and 208 on the Rona Ridge, and further south in Quadrants 202 and 204. On the Erlend Platform, well 209/12-1 penetrated basement of presumed Moinian affinity (Stoker et al. 1993) . The basement rocks were brought to their present position during several phases of down-faulting and rifting.
The Caledonian orogeny was succeeded by a rifting phase in the Devonian-Carboniferous. Deposition of continental sandstone, siltstone and shale, originating primarily from the Scottish Caledonian mountains, took place in the FaroeShetland region under arid-semi arid conditions (Stoker et al. 1993) . The sediments are exposed in Scotland and on the Shetland Islands, and occur at depth within the Faroe-Shetland Trough, including the Rona Ridge and structural highs in the Judd Basin (Stoker et al. 1993) . These strata are of limited importance for hydrocarbon exploration, although the Clair Field has its reservoir in Devonian-Lower Carboniferous sandstone characterized by low porosity and permeability. However, reworked Devonian sediments were probably an important potential source of material during subsequent depositional cycles of Mesozoic and Cenozoic age. It is likely that Devonian sediments occur in the Faroes subsurface, e.g. in horst blocks below the basalt, such as the East Faroe High (Fig. 1) on the western flank of the Faroe-Shetland Trough, and presumably also to the south in the Judd Basin and in the Faroe Bank Basin area. The Palaeozoic sediments in the Faroes subsurface may partly be derived from source areas in Greenland. Stoker et al. (1993) .
Permo-Triassic
In the continental environment of the Early Permian, sediments of Caledonian provenance were deposited in the FaroeShetland area, e.g. in the West Orkney Basin. In the Late Permian the sea transgressed southwards into the FaroeShetland area (Ziegler 1988) , but fully marine conditions were first established in the Late Triassic, when transgressions from the south and north reached the Faroe-Rockall area (Anderton et al. 1979; Roberts et al. 1999) .
Renewed Permo-Triassic erosion, rifting and wrenching formed the basis for continued sedimentation of continental redbeds, including aeolian, fluviatile and lacustrine sediments in the Faroe-Shetland Trough, which at that time formed part of a lowland between the Caledonian fold belts in the Scottish Highlands and East Greenland. The depocentre shifted from Orkney-Shetland towards the southwest, where the sediments have been encountered in shallow boreholes in the West Orkney and Flannan basins (Stoker et al. 1993) . Triassic Otter Bank sandstone of reservoir quality is known in the East Solan Basin in the Stratmore Field (Herries et al. 1999) . At present Permo-Triassic sandstones may be considered of minor interest in the Faroes offshore, where they may be present in structures below the basalt-covered areas as the East Faroe High. However, such sediments may have been of great importance as a sediment source for Paleocene turbidite sandstones in the Faroes part of the Judd and Corona Basin areas.
Jurassic
After the marine transgression of the West of Shetland area in the latest Triassic, marine Lower Jurassic sediments were deposited in the Donegal, North Lewis, North Minch Basin and further north in the eastern part of the Flett Basin where they have been documented in well 206/5-1 (Stoker et al. 1993; Roberts et al. 1999) . During mid-Jurassic times shallow basins were formed in the West of Shetland area and deposition of both source and reservoir rock took place. Middle Jurassic sandstones of reservoir quality occur, for example, in the Solan-Strathmore area, but also claystones with good source rock properties are known in, for example, well 204/22-1, in the Judd Basin near the Faroes area (Lamers & Carmichael 1999) . Middle Jurassic source rocks are also known from the Isle of Skye, where an almost complete Middle Jurassic sequence crops out (Hallam 1991) . To the northwest in East Greenland, Jurassic sandstone of good reservoir quality is also known (Surlyk 2003) . After renewed rifting and subsidence during the Late Jurassic, the Rockall Trough and the FaroeShetland Trough were transgressed and a south-north marine connection was established (Roberts et al. 1999) . In the different sub-basins in the rift area, particularly where restricted circulation prevailed, prolific Kimmeridge Shale source rocks were deposited. Both the Middle and Late Jurassic source rocks can be expected to be present in the Faroes part of the FaroeShetland Trough and to form the basis for an effective petroleum system.
Cretaceous
The Cretaceous was a period of major rifting and subsidence in the Faroe-Shetland area, where clay and sandstones were deposited in early-mid-Cretaceous times. In the Late Cretaceous almost only claystones were deposited in the FaroeShetland Trough. Dean et al. (1999) document three rifting phases, an Early Cretaceous phase during which sandstone, the Victory Formation (Goodchild et al. 1999) , with good reservoir properties was deposited in the central part of the FaroeShetland Trough. In the early Late Cretaceous the next rifting phase occurred with uplift of the Shetland Platform, which created conditions for formation of the Turonian fan play in the Foula Basin . The last rifting phase took place in the Campanian-Maastrichtian. The Late Campanian unconformity is related to this event (Goodchild et al. 1999, p. 716, fig. 4 ). Central parts of the Faroe-Shetland Trough and the Rockall Trough formed deep Cretaceous depocentres with up to 3000 m of sediments. Doré et al. (1999) and Waddams & Cordingly (1999, p. 380, fig. 2 ) illustrate how the sedimentary basins are displaced or end at the transfer zones. The Rockall Trough terminates at the Wyville-Thomson Transfer Zone, north of which the Faroe Bank and Munken basins are located ( Fig. 1 ; see also Tate et al. 1999, p. 393, fig. 2 ). The seismic interpretation carried out in this study indicates that these basins, anticipated to contain a thick Cretaceous and a relatively thin Paleocene succession, may be part of the western flank of the Judd Basin and not a part of the Rockall Trough. However, the Paleocene Judd Basin located to the north of the WyvilleThomson Transfer Zone is anticipated to have a small prolongation, the NE Rockall Trough, south of the transfer zone (Waddams & Cordingly 1999, p. 380, fig. 2 ), which has been displaced to the west.
Highs and ridges in the Faroe-Shetland Trough
In the UK part of the Faroe-Shetland Channel, the Rona, Flett and Corona ridges and the Judd High consist of Mesozoic and Palaeozoic rocks (Lamers & Carmichael 1999, p. 646, fig. 1 ). The characteristic NE-SW trend of the ridges corresponds to what is observed on the Faroes shelf, where the East Faroe High (Fig. 1) has the same trend. In the Judd Basin, another small unnamed ridge also has this characteristic NE-SW orientation. All these ridges were probably formed during different phases of rifting in the Faroe-Shetland Trough during the Palaeozoic and Mesozoic. Consequently, it is supposed that the ridges in the Faroes subsurface also consist of sediments of Devonian-Carboniferous or Mesozoic ages. The small ridge in the Faroes part of the Judd Basin (Fig. 1 ) is overlain by a thick Paleocene succession, whereas only a thin layer is present on the East Faroe High.
THE FAROES PALEOCENE Regional framework; rifting and basin development
Renewed rifting in the Faroe-Shetland Trough took place in Late Cretaceous-Paleocene times (Dorè et al. 1999) , prior to the final continental break-up in the Early Eocene. The final break-up was associated with intense volcanic activity, which started with extrusion of lavas, formation of individual volcanoes or mounds, and intrusion of sills and dykes. The intrusions are common around Top Cretaceous level. White & Lovell (1997) describe the relation between phases of intense magmatic activity, uplift and submarine fan deposition along the Northwest European continental shelf in Paleocene time. The start of the volcanism in the Faroes area was presumably related to the first magmatic underplating phase caused by the arrival of the Icelandic plume at about 62 Ma (White & Lovell 1997) . The major part of the eruption of the Faroes lower basalt formation was probably associated with the major phase of magmatic activity that occurred in the Selandian between 59 Ma and 58 Ma, i.e. within chron C26r (Waagstein 1988) . Jolley et al. (2002) suggest, on the basis of palynofloral investigations, that the Faroes lower formation basalts could have been erupted at a later time. This is rather unlikely and cannot be substantiated until correlation between well-established palynofloral zones and the traditionally accepted dinoflagellate, magneto-stratigraphy and radiometric datings has been sufficiently documented.
As a consequence of Late Paleocene-Early Eocene volcanism the Paleocene sediments within almost the whole Faroes area are covered by thick layers of flood basalt, which makes exploration costly and uncertain because of the difficulties of imaging sediments even below thin basalt layers. If greater thicknesses are present the seismic signal is so strongly attenuated by internal reflections from interlayered tuffs or other sediments that only very little energy is reflected back to the surface. However, long offset recordings have improved the quality of the reflections from deeper sub-basalt levels (Fliedner & White 2001 ) and with seismic data obtained by both conventional and long offset recordings it can be seen that the Faroese sector of the Faroe-Shetland Trough is structurally developed in a way similar to that of the UK sector, with deep basins and basement highs overlain by Cenozoic sediments that drape the older highs. The seismic section shown in Figure 2 is located at the Fugloy Ridge where a prospective Paleocene succession may lie between Mesozoic sediments and the basalts. To the northeast and west of the East Faroe High, gravity and magnetic measurements indicate that other basins could be present here, possibly containing prospective Paleocene underlain by Cretaceous sediments. Successions of this age have been drilled at the north flank of the Flett Basin, bounded to the north by the Erlend transfer zone, in Quadrants 208 and 209 to the south of Erlend (Stoker et al. 1993) . In wells 209/3-1 and 209/9-1 the Erlend volcanics are underlain by Cretaceous claystones (Gatliff et al. 1984) .
The Faroe-Shetland Trough rift basin with the steeply dipping Shetland Spine Fault to the east may have developed as a half-graben system in which extensional faults dip at progressively shallower angles to the northwest (Fig. 1) . Prior to rifting, the Greenland margin was situated only about 100-120 km to the northwest of the present Faroe Islands (L. M. Larsen et al. 1999) . Sediments in the western and northern part of the rift zone may therefore have been sourced from the East Greenland mountains. The sediments below the basalts in the western part of the Faroe-Shetland Trough could therefore be comparable to the Cretaceous-Paleocene succession exposed in the Kangerlussuaq region of East Greenland and described by M. Larsen et al. (1999a) . It is expected that CretaceousPaleocene sediments are also present below the eastern part of the Faroes basalt-covered area. These sediments were deposited in the deeper, central part of the rift, and may have varying Greenland and Scottish-Shetland provenance. The sub-basalt highs located in between the basins are expected to consist of Palaeozoic and Mesozoic sediments, probably including some basaltic intrusions.
To the north, below the whole Fugloy Ridge area, seismic interpretation ( Fig. 2) shows that a relative thin succession of shallow-laying basalts may be underlain by a prospective succession of sediments. During the Paleocene, Greenland formed a proximal, extensive area for sediment denudation (M. Larsen et al. 1999a, b) and it is therefore most likely that sediments underlying the basalts in the northern part of the Faroes and the northern Faroe-Shetland Trough correspond to the East Greenland Paleocene sedimentary succession.
The somewhat thicker basalt in the Faroe Bank Basin area is expected to be underlain by a Paleocene succession which may be of combined eastern and western provenance.
Faroe Bank Channel
In the Faroe Bank Basin and Munken Basin (Fig. 1) , together named the Faroe Bank Channel, it is possible to map sedimentary sequences below the basalt in more detail than elsewhere on the Faroes shelf. A thick sequence of presumed Paleocene and Cretaceous sediments can be mapped in the Faroe Bank Basin (Figs 1 and 3) . The base of the basalt can here normally be identified as an unconformity, and studies of seismic velocities often indicate a velocity decrease at the interpreted basalt to sediment interface. Comparison with interpretations to the south of the Wyville-Thomson Ridge (Tate et al. 1999) shows a thinning of the basalts southwards into the North Rockall Trough. The seismic lines acquired just south of the Wyville-Thomson Ridge are probably the lines that best image the base of the basalt on the Faroes shelf.
The Faroe Bank-Munken Basins lie just north of the Wyville-Thomson Transfer Zone, which also separates the Rockall Trough from the Judd Basin (Doré et al. 1999; Waddams & Cordingley 1999) . To the south, in the Rockall Trough, the main depocentre is of Cretaceous age, while the Judd Basin, located north of the transfer zone, is primarily a Paleocene basin. In the Faroe Bank and Munken basins, anticipated to constitute the western part of the Judd Basin, a thin prospective Paleocene section is interpreted to be present between the Top Cretaceous and the Base Basalt (Fig. 3) . The depth to the Base Basalt is c. 5000 m in the Faroe Bank Basin, and the underlying Paleocene clastics are interpreted to be about 400-500 m thick. In the presumed Paleocene section, slope or basin floor fans have been interpreted to be present.
In the middle part of the Faroe Bank Channel the small volcano, the Knoll, can be seen on the seabed. No Base Basalt reflection can be interpreted in its surroundings. The Judd and Corona basins constitute the main potential petroleum basins offshore the Faroe Islands. The Corona Basin (Fig. 4) is difficult to map because of poor seismic imaging of the sub-basalt layers. The basin constitutes part of an area in the centre of the Faroe-Shetland Trough with poor sub-basalt reflections, probably because of a very inhomogeneous basalt sequence combined with the presence of a large number of dykes and sills in the Paleocene succession.
Judd Basin and Corona Basin
The Faroes part of the Judd Basin, which has a small area without a basalt cover, was the main focus of the first licensing round in the year 2000. In the neighbouring UK Foinaven area, a proven Jurassic petroleum system forms the basis for Paleocene discoveries (Cooper et al. 1999; Lamers & Carmichael 1999; Leach et al. 1999 ). This system is also believed to function in the western part of the Judd Basin. To enable mapping of the Faroese part of the Judd Basin, sequence stratigraphic analysis was carried out on wells from the Flett and Judd basins (Andsbjerg & Sørensen 1999) . The stratigraphic scheme (Fig. 5 ) presents a model for the geological development of the Lower Palaeogene of the Faroes offshore and is based on the present interpretation, and papers by Mudge & Bujak (2001) , Ebdon et al. (1995) , Mitchell et al. (1993) , Waagstein (1988) and others.
East Faroe High and Fugloy Ridge
The northeast Faroes offshore encompasses two compressional structures at top basalt level -the East Faroe High and the Fugloy Ridge. The former is interpreted to be a PalaeozoicMesozoic horst block overlain by flood basalts. The latter is a fold extending east-northeastwards from the Faroe Islands. Based on seismic mapping of the area, the folding is believed to have taken place during Oligocene-Miocene times (see, for example, Boldreel & Andersen 1993 . At Top Basalt level of the East Faroe High, compressional faults are present ( Fig. 1) indicating an approximate SE-NW stress direction. A very prominent feature, the Faroe-Shetland Escarpment, is located downslope from the Fugloy Ridge (Figs 4 and 6). The escarpment constitutes the edge of the basalt flows, i.e. the old coastline in Eocene times. The escarpment is up to 600 m high in the north and dies out southwards at the Clair Transfer Zone. Since Eocene times the escarpment has been modified by normal faulting due to subsidence in the Faroe-Shetland Trough, and also by the compression, which caused the folding of the Fugloy Ridge. According to Rumph et al. (1993) and Mitchell et al. (1993) transverse lineaments had a major influence on the sedimentation pattern in the Faroe-Shetland Trough during Cretaceous and Paleocene times. The present study supports the conclusion of Rumph et al. (1993) that the transfer zones strongly influenced sedimentation in the Faroes rift basins during Cretaceous and Early Palaeogene times (Fig. 7) . To the north the Erlend and Magnus transfer zones at the Erlend volcanic centre form the boundary zone between the Faroe-Shetland Trough and the Møre Basin (Norske Basin). Further south it can be seen on the Neogene isochore map (Fig. 8 ) that the Fugloy Basin depocentre is located to the north of the Erlend transfer zone. To the south of the zone another basin centre is located north of the East Faroe High. The East Faroe High ends to the north at the Victory Transfer Zone which, having cut through the Faroe-Shetland Escarpment, continues southeastwards into the northern part of the Flett Basin depocentre, with over 3000 m of Paleocene sediments (Figs 1 and 7) . The Clair Transfer Zone forms the northern limit of the Flett Ridge and crosses Faroese territory just south of the Escarpment. It continues northwestwards through the East Faroe High area, where a NE-SW trending fault set is offset at Top Basalt level (Fig. 7) .
Transfer zones and basin development
The Westray Transfer Zone separates the Judd and Corona basins and also constitutes the northern limit for the Westray Ridge. Further south, the Judd Transfer Zone seems to cut through the Judd Basin and, in the UK area, it forms the southern boundary of the Westray Ridge and the Flett Basin. The Wyville-Thomson Transfer Zone, probably an old Caledonian lineament, forms the northeast boundary to the Rockall Trough (Waddams & Cordingley 1999) .
The Atlantic spreading, which started in the early Eocene and was accompanied by the eruption of the Faroes upper volcanic formation, caused a new extensional tectonic regime in the old rift basins along the North Atlantic margin. An anticipated slight anticlockwise rotation of the Faroese Platform in the Eocene, due to a change in the extensional forces to a west-southwestwards direction (Doré et al. 1999) , caused widening and further deepening of the Faroe-Shetland Trough rift and gave the basin its present V-shaped form. Further south, compression was initiated probably because of the small rotation of the Faroese platform. This also resulted in inversion along the Wyville-Thomson Ridge and in the formation of the Judd inversion structure in the southern part of the Judd Basin (Fig. 7) . In the present interpretation the Faroe Bank Basin which, according to Boldreel & Andersen (1993) , was initially formed in the Eocene to Oligocene, underwent a new compression phase during the mid-Miocene (Figs 1 and 3) .
THE VOLCANIC SEQUENCES Mapping of the basalts
For mapping purposes the Faroes offshore basalt succession can be subdivided into three units: (1) an upper, plane-parallel series of flood basalts; (2) a middle prograding series, interpreted to be hyaloclastite basalt breccias erupted in a marine environment; and (3) a heterogeneous lower layer, which presumably consists of a mixture of flood basalts and hyaloclastites interbedded with tuffs and sediments (Figs 2 and 6). It was possible to map these units over most of the eastern Faroes shelf in areas where the total thickness of the basalt does not exceed about 3 km. To the southeast of Suduroy, an internal basalt reflection may represent the coal-bearing sequence Mitchell et al. (1993) , Ebdon et al. (1995) , Neal (1996) , Ritchie et al. (1999) and Mudge & Bujak (1994 , 1996a , b, 2001 . between the lower and middle onshore basalt formations, known from outcrops on Suduroy and Vágur on the Faroe Islands. The interpreted seismic subdivision of the basalt succession offshore is a facies subdivision. Stratigraphically the two upper units are believed to belong mainly to the middle and upper basalt formations of the Faroe Islands (Waagstein 1988) .
The lower formation is believed to have a more restricted extension on the shelf and is interpreted to occur mainly at depth in the areas close to the Faroe Islands where, however, the seismic resolution is very poor.
Other authors have described the internal structure and composition of the basalt formations, for example, Kiørboe (1999) who describes the importance of sea-level variations to the formation of the Faroe-Shetland Escarpment and the internal bedding of the basalt.
The Top Basalt reflection is a strong positive reflection (increase in acoustic impedance) that is easy to identify. Top Basalt is a slightly irregular surface, which normally shows few signs of erosion except on the Faroe Bank, the Munkagrunnar Ridge and in the vicinity of the Faroe Islands. The basalt is overlain by sediments that include the Balder Tuff, which represents the final phase of the volcanism (Waagstein & Heilmann-Clausen 1995) . The basalts cover the whole Faroes area except for areas to the northwest where oceanic crust forms a large area and to the southeast where a small area was outside the limit of the basalt flows (Figs 4 and 9) .
Depth conversion for the Top Basalt map (Fig. 4) was carried out using velocities of 2000 m s 1 and 2200 m s 1 for the overlying Neogene and Palaeogene sections, respectively. The map shows an area around the Faroe Islands where the basalt crops out at seabed or is only covered with a very thin layer of Quaternary sediments. Other shallow areas, e.g. the Fugloy Ridge to the northeast, include two small areas where the basalt crops out at seabed. On the Fugloy Ridge a number of NE-SW trending faults were mapped (Fig. 2) . Southeast of Suduroy a dome-shaped inversion structure formed in Late OligoceneMiocene time is seen (Figs 4 and 10) . Only a very thin Neogene succession is present on this inversion structure. The inversion structures of the Wyville-Thomson Ridge and the Ymir Ridge and also the volcanic centres of the Faroe Bank, the Knoll and the Bill Bailey Bank are located to the southwest (Fig. 4) . The deepest-seated areas with flood basalts occur to the east in the middle of the Faroe-Shetland Trough and to the southwest and south in the Faroe Bank Basin and the Munken Basin.
Basalt-sediment stratigraphic relations
As already mentioned, the Faroese flood basalts form three units, the Lower, Middle and the Upper Series (Rasmussen & Noe-Nygaard 1969) or formations (Waagstein 1988 ). It has not yet been finally established at what time the eruptions started. The end of the volcanic phase has been biostratigraphically dated by the sediments directly overlying the basalt. A small interruption in the volcanic activity is documented by a thin coal-bearing sequence between the lower and middle basalt formation. So far no hiatus has been documented between the middle and upper formations. Lithologically a change from the dark grey thinly bedded middle basalt formation, including a thick bed (or beds; the C horizon), near the top to the lighter grey and thicker basalt flows with a more mid-ocean ridge basalt-like low TiO 2 composition that form the upper formation, can be observed in outcrops (see L. M. Larsen et al. (1999) for discussion of the chemical composition, stratigraphic interpretation and correlations of the different lava formations). The contact between the lower lavas and the underlying sediments cannot be directly studied anywhere. The drilling of the Lopra well (Berthelsen et al. 1984) was an attempt to obtain further information about the early phase of the Faroes volcanism and the presumed underlying sediments.
Only a little is known about how and when the volcanism in the Faroese sector of the Northeast Atlantic margin started. It seems that before the widespread eruption of the Faroes flood basalts, a number of isolated volcanoes were active, especially to the south and northeast of the Faroe Islands (Stoker et al. 1993; Naylor et al. 1999; Ritchie et al. 1999) . The presumed Late Cretaceous-Danian volcanism, manifested as volcanic centres (e.g. Brendan's dome, the Anton Dorn seamount and the Hebrides Terrace), was presumably caused by reactivation of faulting and new volcanism in the old Caledonian rift system. Dean et al. (1999) state that no thermal anomaly appears to have been associated with this rifting phase. The volcanism that resulted in the eruption of the extensive flood basalt series has been related to the arrival of the Icelandic plume to the Faroe-Shetland area at 62 Ma (White & Lovell 1997) .
It has been documented that Palaeogene sedimentation in the Faroe-Shetland Trough was cyclic (Mitchell et al. 1993; White & Lovell 1997) . The cyclicity is related to uplift or flooding events caused by magmatic underplating and/or global sea-level changes. The stratigraphic scheme (Fig. 5) shows a generalized compilation of the proposed Paleocene sequence stratigraphy of the Faroes part of the Faroe-Shetland Channel. Boundaries between major sequences or sequence sets are marked on Figure 5 . The first sequence documented to have been influenced by an uplift event, probably caused by underplating due to the arrival of the Icelandic plume at 62 Ma (White & Lovell 1997) , is the late Danian Maureen I sequence. In the mid-Paleocene two main events followed at the boundaries T28/T32 and T34/T35 (Lamers & Carmichael 1999) . A mudstone sequence constituting the upper part of the T28 sequence can be related to a global sea-level rise. The unconformity at the base of the T35 sequence can be related to a major phase of uplift and underplating, the mid-Paleocene event (Naylor et al. 1999) . Ebdon et al. (1995) described a major change in sediment provenance at that time (58 Ma). The next major event, a sea-level rise (Haq et al. 1988) , followed at the time of the end of deposition of the T36 sequence. A mudstone sequence representing this major transgression is present in the Faroe-Shetland Trough area. The hiatus between the T40 and T45 sequences relates to the last underplating event which caused a large uplift, later followed by the Atlantic spreading event in late T45 time. Other authors also subdivide the Paleocene succession in the Faroe-Shetland Channel on the basis of uplift events, e.g. Naylor et al. (1999) subdivide the Selandian-Thanetian succession on the basis of the three above-mentioned major uplift events.
The deposition of the mid-late Paleocene sedimentary successions (T22-T38), as interpreted from the seismic sections, is contemporaneous with the deposition of the lower basalt formation on the Faroe Islands (Fig. 5) . The Kettla Tuff, deposited in early T35 time and known from a large number of wells in the Flett and Judd basins, belongs to the major phase of the mid-Paleocene volcanism which, due to underplating by the Icelandic Plume, culminated by the uplift phase at the T35 sequence boundary. The tuff layers present in the T28 sequence relate to an early phase of the mid-Paleocene volcanism. The tuff layer present in the upper part of the T36 sequence in the Judd Basin belongs to a final phase of the mid-Paleocene volcanism, before it ended in T38 time.
Around the Late Cretaceous-Danian boundary a large number of sills and dykes are present in the sediments in the Faroe Shetland Trough (Naylor et al. 1999) . These were intruded during the different phases of the igneous activity caused by the evolving Icelandic plume. A number of sills in the UK central and northern part of the Faroe-Shetland Trough have been dated to 55-53 Ma (Stoker et al. 1993) . In the Faroes area no major sill complex or central complex that could have contributed to local uplift has been observed on seismic lines. Many minor sills, sheets and dykes have been observed below the base of the basalt succession and may be used as good indicators of the approximate location of the Base Basalt reflection.
The basalt occurs offshore in different facies (Kiørboe 1999 ). The seismic sections Figures 2 and 6 show how the basalts comprise an upper unit of parallel-bedded flows underlain by a prograding sequence characteristic of the build-out of lavas into the sea (Kiørboe 1999 ) resting, in turn, on a basal unit generally comprising a mixed series of flows which reached the seabed. The basalts of the lowest unit are probably intercalated with marine sediments and some tuffs. This means that flood basalt lavas erupted on land may be stratigraphically correlated with more distally deposited, prograding marine hyaloclastites. So far, no dating on distal hyaloclastites or flood basalts underlying the hyaloclastite series has been carried out in the Faroese area. Biostratigraphic dating on sediments surrounding two thin basalt sequences in the eastern Rockall Trough (Waddams & Cordingley 1999) suggests that the two sequences of lava may correlate to the Faroes onshore lower and middle+upper basalt formations, respectively. In Quadrant 204 in the Judd Basin (Fig. 1 ) thin tuff layers of Early Paleocene age are present in at least three wells, near to the Westray and Judd volcanic complexes. They probably represent the oldest documented volcanic rocks in the Faroe-Shetland area (Naylor et al. 1999) . Dating of sediments interbedded with deep-seated tuff layers in wells on Faroes offshore area could give an indication for the time of the start of eruption of the Faroes flood basalts.
Age of the basalts
The NE Rockall Basin, situated south of the Faroes area, is covered by flood basalts, which form two separate units (Waddams & Cordingley 1999) . The lower one is dated to mid-Thanetian, the time for the final eruption phase of the Faroese lower basalt formation. The upper one is of late Thanetian age. The Faroes lower and middle basalt formations are separated by a coal-bearing sequence, which chronostratigraphically may be correlated with the sediments present between the two basalt units in the NE Rockall Trough (Waddams & Cordingley 1999) . This inter-basaltic event probably represents an interruption in volcanic activity of up to 0.5 Ma during the mid-late Thanetian. The exposed lower basalt formation on the Faroe Islands was extruded during magneto-chrons C26n, C25r and C25n, as shown by Waagstein (1988) . The period with deposition of the coal-bearing sequence belongs to C24r as also do the middle and upper formations (Waagstein 1988) .
Most of the lower basalt formation in the Lopra Well belongs to C26r (Waagstein 1988) . Datings and magnetic investigations from the Lopra re-entry in 1996 have not yet been published. It is therefore not documented if the basalt deposition in the central Faroes area may have started already in the Danian chron C27 time, or if all lower formation lavas known so far have been erupted during the Selandian and Thanetian. The mid-Paleocene underplating event caused a large uplift of the Scottish highlands and the West Shetland Platform. The two highstands at the top of the T28 and T34 sequences, respectively (Fig. 5) , may to some extent have been caused by thermal contractions following the main midPaleocene eruption phases. In well 205/9-1, tuff beds and volcaniclastic sandstones documenting volcanic activity are present in the T20 and lower T30 intervals (Knox et al. 1997; Naylor et al. 1999) .
The start of the Faroes flood basalt eruptions is, therefore, believed to have occurred about 60-59 Ma ago, i.e. in the middle of C26r. According to White & Lovell (1997) , the first volcanism at the Northwest Atlantic Margin associated with the Icelandic plume occurred about 62 Ma (see also Ritchie et al. 1999) . The c. 62 Ma igneous activity around Eigg and the Judd and Westray complexes is believed to be related to local thermal uplift (Naylor et al. 1999) , a probable effect of the arriving plume.
In the North Sea a change in the sedimentary environment occurred about 62 Ma when the deposition of 'Maureen Marl', 'North Sea marl' or Våle Formation (Knox & Holloway 1992) instead of chalk began. The relative fall in sea-level and accompanying increase in terrigeneous input and start of marl deposition could be an effect of the first phase of magmatic underplating that occurred in the late Danian, contemporaneous with the start of widespread volcanic activity along the Atlantic Margin.
The Tuffs
In conjunction with the massive lava extrusions large amounts of volcanic ash were erupted. The Balder Tuff was deposited at the end of the last volcanic phase during the earliest Eocene and can be recognized in most wells across the Northeast Atlantic margin, as well as in the North Sea area. Another well-known tuff is the Kettla Tuff which has only been reported from wells in the Faroe-Shetland Trough. The Kettla Tuff is normally an easily identifiable marker on seismic sections. It is generally thick in wells in the Flett Basin, but is thin or maybe reworked and therefore difficult to identify on seismic sections from the Judd Basin. Mudge & Bujak (2001) correlate the Kettla Tuff to Lista II, equivalent to the base of sequence T35. The tuff probably reflects the largest manifestation of the mid-Paleocene volcanic phase. In wells 204/19-1, 204/19-2 and 205/9-1 the Kettla tuff forms a characteristic double peak on the gamma-ray logs, as it also does in the wells in blocks 206 and 214 in the central and northern part of the Flett Basin. On seismic sections from the Judd Basin, a different tuff horizon is interpreted to occur in the upper part of the T36 sequence (the Kintail Wedge), which is topped a by mudstone, which may be interpreted as a probable T36 highstand deposit. This T36 tuff belongs to a late stage of extrusion of the lower basalt formation. Correlation with the tuff agglomerate zone at the base of the Faroes middle basalt formation in magneto-chron C24r seems unlikely as the latter unit correlates with the T38 or T40 sequences. As already mentioned, other tuff layers are reported to be present at the deeper T25-T28 or T31-T34 level in wells in the Faroe-Shetland Channel (Knox et al. 1997) . Therefore, it must be concluded that more tuff layers are present in the Faroe-Shetland Trough area; locally these may form important stratigraphic markers.
POST-VOLCANIC DEVELOPMENT Eocene
Eocene sediments extend over most of the Faroes offshore and constitute the thickest post-basalt sequence (Fig. 11) . The Paleocene-Eocene boundary cannot be biostratigraphically fixed in the Faroes area, except for the very small basalt-free area to the southeast. Eruption of the middle and upper basalt formations started in the latest Paleocene and continued into the Early Eocene. Southeast of the limit of the basalts, the Top Paleocene can be mapped as a continuation of the Top Basalt reflection. The boundary is represented by an unconformity underlain by the prograding sand and mudstone sequences belonging to sequences T38-T40. The unconformity is the result of an uplift believed to be an effect of magmatic underplating caused by the Icelandic plume, which influenced sedimentation in the area since the latest Danian (White & Lovell 1997) . The unconformity represents a small time interval within the T40-T45 sequences, when a land bridge between the Shetland Islands and the Faroes existed. In the upper parts of the T38 and T40 sediments, a braided channelized stream pattern is visible on the seismic sections. Limnic sediments may be expected to be present, partly as sediments in the channels and partly as sediments deposited in small lakes or lagoons and represented by coal beds observed in wells in the UK area. The limnic to brackish sediments are overlain by shallow marine sands and mudstones deposited after a new transgression of the area in late-T45 time. This sedimentary regime continued into T50 time, when the Balder Tuff appeared as a pronounced new element interbedded with the terrigeneous sediments. Due to lack of direct well ties in or near the southeast Faroes area it is difficult to map the top tuff as it often seems to consist of two or three intercalating horizons, which also might represent coal beds. In the Faroe-Shetland Trough and the North Sea the upper part of the T50 sequence is a highstand mudstone deposit. Deposition of the T50 sequence was followed by a falling sea-level in the North Sea area. In the Faroes offshore an unconformity (pink reflector on Figs 9, 12 and 13) is considered to represent this lowstand. The reflection is therefore expected to represent Top Balder Formation.
A new sedimentary succession, equivalent to the Horda and Orkney formations of the North Sea (Knox & Holloway 1992;  Joy 1996), was deposited in the Judd Basin in Ypresian time after a new transgression that is known as the London Clay transgression in the southern North Sea area. In the Judd Basin, subsidence took place, partly as an effect of thermal contraction following the volcanic activity associated with Faroes middle and upper basalt formations, and partly due to new subsidence and rifting. The Early Eocene sedimentary cycle lasted into the beginning of the Middle Eocene when major uplift started due to compressional movements, probably caused by new rifting, the effects of ocean spreading, and anticlockwise rotation of the Faroes block. The compression was presumably caused by a change in stress direction from E-W to a more WSW-ENE direction resulting in compressive stress and inversion at the southeastern edge of the Faroes platform. The Lower Eocene is best developed in the Judd Basin area where up to about 750 m of sediment were deposited. Seismic data suggest that the sediments can be interpreted as a series of basin slope fans. Some amplitude anomalies can be identified in the succession and some gas chimneys are also present. The Lower Eocene depocentres formed in the existing Paleocene basins as a result of continued subsidence. Otherwise, over most of the Faroes area the Lower Eocene forms a relative thin layer, less than 250 m thick. The maximum subsidence in the Judd Basin was reached in the earliest Middle Eocene at which time the mid-Eocene unconformity formed as a result of the incipient inversion (Figs 5, 9, 12 and 13) .
The Middle Eocene transgressively overlies the Lower Eocene, forming a thick onlapping sequence that seems to have an unconformity at the top. In the Judd Basin it is overlain by a sequence containing a set of slumps or fans, which ends the Eocene succession. The inversion and uplift of the basin since Middle Eocene times is of the order of 500-700 m. On Figure  9 it can be seen that the Lower Eocene forms a small positive structure on the seabed, which may reflect a relatively recent phase of post-Eocene inversion. The very distinct erosion features occurring at the seabed of the trough in the same area can also be seen as an indication of continued inversion.
The extent of the Eocene and Oligocene successions overlying the Faroes flood basalts can be seen on the maps in Figures 10 and 11 . The Top Eocene reflection is difficult to map over most of the Faroes area because of the lack of relevant well ties, and also because the Eocene-Oligocene succession over large areas forms a thick and almost undifferentiated package (Figs 4, 6, 12 and 13) . Therefore the Top Eocene has not been mapped separately. The Middle and Late Eocene thickens from the Judd Basin northwards from almost zero over the inversion structure to a maximum of 1500 m southeast of the Faroe-Shetland Escarpment, where there was a depocentre for Middle-Late Eocene sedimentation. In the middle part of the Faroe-Shetland Trough seismic data show that major fan complexes were deposited. One of these fans has been mapped in an area at the Faroes-UK boundary, in the central part of the Faroe-Shetland Trough (Fig. 6) . If good sealing is present, such fans may be prospective.
Besides the two depocentres in the Faroe-Shetland Trough, a third depocentre occurs northwest of the Knoll eruption centre in the Faroe Bank Basin (Fig. 4) , where up to some 2000 m of Eocene sediments is present. In the upper part of the sequence an unconformity can be seen in areas near to the former coastline along the Munkagrunnar Ridge and the Faroe Bank (Fig. 3) . The unconformity grades into a conformity in the central parts of the basin and is interpreted as Top Eocene. In some areas it is difficult to follow the reflection, and it is conceivable that opal precipitation or a diagenetic horizon is present in parts of the basin similar to the one found in the Fugloy Basin (see later). No attempt has been made to further subdivide the Eocene in the Faroe Bank Basin. However, a sequence is present at the base, which on the seismic lines looks similar to the Balder Formation with its characteristic tuff layers. Down-dip from the Wyville-Thomsom Ridge another unconformity is seen in the Eocene succession (Fig. 2) , but lack of well ties makes dating impossible at present. A possible suggestion is that it may be the Middle Eocene unconformity.
Oligocene
The Top Palaeogene is equivalent to the Top Oligocene in most of the Faroes offshore area (Fig. 10) . Oligocene sediments overlie the Eocene disconformably in shallow areas, but in the deeper basins the boundary is conformable. The thickness of the Oligocene layers varies from almost zero over parts of the inversion structure in the Judd Basin (Fig. 11) , where the present erosion extends down into the Lower Eocene, to up to a few hundred metres in the Fugloy Basin depocentre in the northern part of the Faroe-Shetland Trough. In the central part of the Faroe Bank Basin 50-100 m of Oligocene sediments probably conformably overlie the Eocene. The thickening of both Eocene and Oligocene sediments towards the centre of the Faroe Bank Basin and the presence of an internal Eocene unconformity (Fig. 3) show that the basin and ridges in the area had formed already in the Eocene, probably contemporaneously with the inversion of the Judd Basin, i.e. in the beginning of the Middle Eocene. A few well ties support the mapping of the Oligocene in the Judd and Flett basins (Stoker 1999) . However, several biostratigraphical samples from these wells may not be reliable for analysis because of contamination due to drilling of the upper hole sections without a riser.
There is normally a distinct difference in the internal seismic reflection pattern between Palaeogene and Neogene sediments. The Neogene shows almost continuous or unbroken reflections, while the Eocene-Oligocene sections normally show disturbed and discontinuous reflection patterns, which probably reflect compaction dewatering. Only the Lower Eocene sequence in the Judd Basin, interpreted to be a series of stacked basin slope fans, shows a fairly undisturbed reflection pattern, often with small gas/water-escape chimneys or small amplitude anomalies at structural closures.
The Top Oligocene reflection is difficult to interpret in parts of the central and northeastern Faroes shelf because of the lack of well ties and, especially, because of interference with a reflection generated by opal C/T (Cristobalite/Tridymite) precipitation and diagenesis (Davies et al. 2001) . The opal reflection can be seen on Figures 2 and 6 .
The seismic tie to wells 214/28-1 is a jump tie crossing the Corona Ridge. Also the internal seismic reflection pattern characterized by very discontinuous reflections in the Palaeogene succession supports the stratigraphic interpretation of the definition of the layer boundaries. Well 214/4-1 supports biostratigraphical information on the latest Palaeogene/ Neogene succession, and provides important information for the interpretation of the Oligocene-Neogene boundary in the Fugloy Basin. In well 214/4-1, Davies et al. (2001, p. 919, fig. 3 ) also document the Eocene/Oligocene boundary as well as two internal Neogene boundaries, a mid-Miocene and an early Pliocene one, respectively; no distinct unconformities are developed at the well location. Despite this, hiatuses or condensed sections must be present, as shown by the stratigraphy, the documented Late Palaeogene-Neogene uplift and sea-level changes in the Faroes area (see below). It is thought that from Oligocene to Recent time the seabed at the well location has subsided up to 1000 m, from maybe about 5-700 m (Davies et al. 2001) to more than 1500 m, so that no distinct unconformities can be expected at this location.
Neogene
On the Faroes shelf Neogene sediments were deposited in two main areas, to the south of the Fugloy Ridge and in the Faroe Bank Basin, respectively. In these two depocentres the Neogene sediments are subdivided into three sequences as documented by seismic interpretation and in the 214/4-1 well by Davies et al. (2001) . The seismic section shown in Figure 2 is a key line for the interpretation of the Neogene in the northern Faroes area, the outer shelf and the deep Fugloy Basin. The section shows a succession of Upper Palaeogene and Neogene sequences separated by conformable reflectors or unconformities. The red reflector is interpreted as the top of the Palaeogene, the unit below has the characteristic internal Palaeogene reflection pattern, while layer boundaries above this level onlap or downlap this reflector. Lately the horizon has been tied into the Top Oligocene level in the 214/4-1 well (Davies et al. 2001) . The interpreted dark pink reflection represents the opal diagenetic horizon. The next reflector, interpreted to be the Middle Miocene unconformity, clearly onlaps the Top Palaeogene to the north. The overlying sequence (D1a+b) is strongly regressive and consists in the lower part of parallel-bedded layers overlain by another small regressive sequence, before the interpreted top layer downlaps the underlying Lower Miocene sequence. The D1a+b sequence is clearly deposited after a relative sea-level fall, probably caused by an uplift of the Fugloy Ridge. This could reflect Middle Miocene NW-directed compression associated with the Alpine orogenic regime or be an effect of changes in the spreading geometries in the North Atlantic area. The regressive sequence (D1a+b) is thus thought to be of Late Miocene-Early Pliocene age. This interpretation has lately been supported by a tie to well 214/4-l (Cloke et al. 2000; Davies et al. 2001) . The Early Miocene and the Late Miocene-Early Pliocene sequences C and D1 correspond to the sequences of Andersen et al. (2000) .
The uppermost sequences, D2 + D3 (see also Andersen et al. 2002) , onlap the Eocene (Fig. 2) and, consequently, were deposited after a new rise in relative sea-level. The internal sedimentary structures of the uppermost sequence mirror sedimentary processes such as drift deposition and slumping. The upper unconformity (separating sequences D2 and D3) in the Fugloy Basin (Fig. 2) is interpreted as an internal Quaternary unconformity, the 'glacial' unconformity, which can also be mapped in other areas of the eastern Faroes shelf (Andersen et al. 2000 (Andersen et al. , 2002 . The Neogene sediments on the northern flank of the Fugloy Ridge also overlie Palaeogene sediments. However, erosion into the Palaeogene was very deep (Fig. 2) , and on top of the Fugloy Ridge it almost reaches the top of the basalt. No datings are available from wells on the Faroes north slope to indicate the size of the hiatuses in the sedimentary record. However, it is likely that most of the erosion of the Eocene took place in the Oligocene as a result of compression related to the 'Pyrenean' orogenic phase (Doré & Lundin 1996) . This compression also affected the internal structures of the sediments (Fig. 2) . Nielsen & van Weering (1998) presumed that a more complete Oligocene succession was present on the north flank of the Fugloy Ridge than interpreted in this study. The Neogene is totally missing on the crest/south flank of the Fugloy Ridge that is overlain only by Eocene sediments (Fig. 2) , and thus it is not possible directly to correlate the layer boundaries or unconformities from the south to the north side of the ridge. The most pronounced lower Neogene reflection, anticipated to be the Middle Miocene unconformity, is, together with the Top Palaeogene, the only reflection interpreted on the north flank of the Fugloy Ridge.
The Fugloy Ridge appears to have been formed by uplift and folding during the compression phases in the Oligocene and Middle Miocene (Fig. 8) . The Neogene succession on both flanks of the Fugloy Ridge may, to a great extent, consist of redeposited Eocene sediments formerly overlying the ridge. The Neogene depocentre to the south of the Fugloy Ridge is divided into two sub-basins. The larger one to the northeast, part of the Fugloy Basin, extends into the UK area and contains a thick Lower Neogene succession, a Lower Miocene sequence overlain by an Upper Miocene-Lower Pliocene sequence (Fig.  2) . The other westernmost depocentre is a platform which extends from the inner Faroes shelf out to the East Faroe High area (Fig. 7) . Thick Upper Neogene (mid-Pliocene-Pleistocene) sediments on the platform prograde towards the southeast (Fig.  12) , and downlap onto Lower or Middle Miocene sediments, which only are expected to constitute a thin succession in the platform area. The prograding sequence is bounded upwards by the glacial unconformity, which is overlain by a thin Pleistocene layer. The source for the prograding sequence was the central Faroes area that also supplied sediments to the Faroe Bank Basin, where a corresponding thick prograding upper Neogene sediment sequence is observed (Figs 7 and 8) .
Neogene sediments are rather thin in the Corona and Judd Basin area and are almost missing on top of the Judd inversion structure. Thin upper Neogene sediments dominate in this area, but older Lower Miocene sediments seem to extend from the UK area and onlap the Judd inversion to the north and east. In the Munken Basin a thin, condensed Neogene sediment succession with a number of submarine flood scars is present. Flood scars, erosion channels and related features are also very common at Top Palaeogene (Eocene) level at the Judd inversion structure.
In the Faroe Bank Basin a >600 m thick Neogene succession is present. The Neogene unconformably overlies the Palaeogene and is subdivided by two unconformities. This means that a complete set of Neogene sequences may be present here, as in the northern part of the Faroe-Shetland Trough (Fig. 3) . The uppermost sequence consists of sediments which in the northeastern part of the basin form a prograding sequence like the one present to the east of the Munkagrunnar Ridge.
The Upper Miocene-Lower Pliocene sediments were deposited into two sub-basins, a western and an eastern one (Figs 7 and 8) . Lower Miocene sediments are only interpreted to be present in the western sub-basin. The restriction of the lowerNeogene sediments to the western sub-basin, bounded by unconformities, shows that they were deposited after a tectonic event, a Late Oligocene uplift and compression phase, followed later by new tectonic movements, presumably the mid-Miocene compression. The overlying presumed mid-Neogene sediments were deposited in both sub-basins (Fig. 8 ) and are bounded upwards by an unconformity that acts as a downlap surface for the overlying upper Neogene prograding sediments. The unconformity presumably represents internal Pliocene uplift and erosion. The complete lack of wells in the Faroe Bank Basin prevents the establishment of a reliable stratigraphy in the area.
The anticipated Early Pliocene unconformity in the Faroes offshore can be correlated with the unconformity known from the UK Atlantic Margin named INU (Intra Neogene Unconformity, Stoker 1999) . The INU is known as a downlap surface for prograding late Pliocene sediments on the UK shelf.
The mid-Miocene unconformity present in both the Faroe Bank Basin, on the East Faroe High and in the Fugloy Basin NE of the Escarpment is not so well expressed in the UK sector (Stoker 1999; Stoker et al. 2002) where much of the Miocene section is missing through erosion. Recent work by STRATAGEM Partners (2002, 2003) has demonstrated that the mid-Miocene unconformity is best developed (and preserved) on the western flank of the basin, in the Faroes sector. At the SW end of the Faroe-Shetland Channel, the Neogene section is locally absent and Palaeogene strata crop out at the sea bed ( Fig. 8 and Stoker 1999) . Figure 14 shows the stratigraphic correlations made in this study between the Neogene sequences present on the Faroes, the UK and the Norwegian parts of the Atlantic Margin.
DISCUSSION AND CONCLUSIONS Neogene stratigraphy
The Neogene stratigraphic diagram (Fig. 15) has been compiled on the basis of the seismic interpretations in this study, and on previous work by Stoker et al. (1999) , Andersen et al. (2000 Andersen et al. ( , 2002 and Eidvin & Rundberg (2001) . The diagram shows the three Neogene sequences on the Faroes offshore. The sequences have different extensions into the deep basins and on the upper shelf, to a great extent determined by compression Andersen et al. (2000) , Stoker (1999) and Eidvin & Rundberg (2001) . INU, Internal Neogene Unconformity; LOEMU, Late Oligocene to Early Miocene unconformity. and uplift phases or by eustatic sea-level changes which also played an important role for the Neogene depositional system. A flat shelf with water depths up to 250 m extends east and west of Suduroy, the southernmost Faroe Island. The shelf sediments constitute a prograding late Neogene succession (D2 of Andersen et al. 2000) , presumably deposited mainly during late Pliocene-Pleistocene lowstand conditions, but initially triggered by an early Pliocene uplift phase in the North Sea (Martinsen et al. 1999) . Gregersen et al. (1997) report a thick prograding late Pliocene sequence in the northern North Sea, deposited after an early Pliocene uplift phase of the Norwegian mountains (Ghazi 1992) . The prograding sequence has later been eroded at the top (the glacial unconformity) due to sea-level fall at the start of the main glaciation. On the Faroes platform a local glacial (intra Plio-Pleistocene) unconformity is present. It is overlain by a thin sequence of sediments (sequence D3 of Andersen et al. 2000) .
The Middle Miocene unconformity mapped on the Faroes shelf presumably reflects regional uplift due to Alpine compression as described by Doré & Lundin (1996) and Doré et al. (1999) , amongst others. Sørensen et al. (1997) describe a mid-Miocene unconformity in the North Sea that may be referred to the same event. However, Miller et al. (1987) described a pronounced increase in O 18 at that time, possibly reflecting a change in ocean circulation systems or glacier growth associated with a contemporaneous glacio-eustatic sealevel fall (Haq et al. 1988) . Eidvin et al. (2000) describe a Neogene succession in the central North Sea that consists of a prograding Upper Pliocene sequence downlapping onto a uppermost Middle Miocene-Lower Pliocene sequence (Utsira Fm. sst.) that overlies another uppermost Lower-lowermost Middle Miocene sequence. Eidvin & Rundberg (2001, p. 122, fig. 2b ) demonstrate a profile crossing the Snorre Field showing a layering of the Neogene succession corresponding to what is found on the eastern Faroes shelf. Stoker (1999) did not describe the mid-Miocene unconformity on the UK part of the Faroe-Shetland Trough. However, the unconformity separating the Miocene succession into two sequences seems to be a regional event in the central North Sea and around the Faroe Islands.
The Late Oligocene to Early Miocene unconformity, LOEMU, formed on most of the Faroes shelf and in parts of the North Sea (Nielsen & van Weering 1998; Swiecicki et al. 1998; Stoker 1999; Eidvin & Rundberg 2001) , can be related to a sea-level fall (Haq et al.1988) and to reorganization of plate movements in the North Atlantic which caused compression and up-folding of the Faroes and other structures on the NW Atlantic Margin (Doré & Lundin 1996; Doré et al. 1999) .
Early Palaeogene stratigraphy
The Paleocene stratigraphy of the Faroes part of the Judd Basin and the Faroe Bank Channel is closely related to the stratigraphy in the UK part of the Faroe-Shetland Trough, the NE Rockall Trough and to the more distant North Sea Basin. Mudge & Bujak (2001) present a biostratigraphical analysis of four wells in the Faroe-Shetland Trough. This work, together with the present seismic interpretations of the Palaeogene in the Judd and Flett basins, forms the basis for the stratigraphic subdivision of the Faroes Paleocene succession into the four major sequence sets presented here. Mitchell et al. (1993) , Ebdon et al. (1995) and Ritchie et al. (1999) published sequence stratigraphic analyses and subdivisions of the Eocene and Paleocene in the Faroe-Shetland Trough. These authors have all presented maps of the extension of the defined sequences in the trough. It can be seen that all the sequences have different extent and thickness within the different parts of the FaroeShetland Trough, dependent on variations in subsidence. The sequence stratigraphy of the Palaeogene succession of the North Sea was established by Mudge & Bujak (1994 , 1996a . These works form the basis for the present interpretations, together with the stratigraphical nomenclature of Knox & Holloway (1992) and Knox et al. (1997) . The late DanianThanetian sequences have been divided in this study into five sequence sets -T10, T22-T28, T31-T34, T35-T36 and T38-T40 (Fig. 5) . The sets are separated by three events of uplift believed to be associated with the activity of the Icelandic plume, and by two episodes of eustatic sea-level fall (Fig. 5) . Lamers & Carmichael (1999) state that the T28 highstand forms an extensive seal in the Flett Basin, while the base T35 shales form a basin-wide seal. The top T36 highstand shale reflects an eustatic sea-level rise and, together with the underlying tuff layer, has potential as a local seal (Fig. 5) . The T38-T40 sediments belong to a progradational system that overlies the underlying aggrading T30 sequences. The T38 sequence is overlain in parts of the Faroe-Shetland Trough by shales belonging to a highstand systems tract. White & Lovell (1997) have documented how the influx of sediments to the North Sea Basin can be correlated with different magmatic phases. A major change in the sedimentary environment occurred at about 62 Ma with deposition of 'Maureen Marl', 'North Sea Marl' or Våle Formation (Knox & Holloway 1992 ) instead of chalk. The relative fall in sea-level and resulting marl deposition could be an effect of the first phase of magmatic underplating caused by the Icelandic plume, to which also the start of widespread volcanic activity along the Atlantic Margin can be related (Ritchie et al. 1999) . Along the uplifted Shetland platform, sandstone (Ockran sandstone, Sullom sandstone) was deposited along the coast or as distal marine fan deposits (Knox et al. 1997) .
The first major influx of coarse clastic sediments in the North Sea that may be related to uplift by underplating and plume activity formed the Maureen fan systems, which correlate with the T22-T28 fan deposits in the Faroe-Shetland Trough (Mudge & Bujak 2001) . The Andrew fans of the North Sea correspond to the T31-T34 fans in the Flett and Judd basins.
The mid-Paleocene event caused by major uplift of the Scottish Highlands, the Shetland Platform and presumably Greenland, was related to a main underplating event. The unconformity (at T35sb) formed by the uplift, is overlain by major sandstone wedges, primarily sourced from uplifted land areas east of the Faroe-Shetland Trough.
The major T35-T40 slope fans and prograding sequences also have a parallel in the North Sea, the Balmoral-Forties complex. The parallel development in the two areas may have been triggered by an interplay of plume activity and eustatic sea-level changes. Mitchell et al. (1993) show the sea-level curve from Haq et al. (1988) 
Hydrocarbon potential of the Faroes Shelf
The seismic mapping of the southeastern Faroes Shelf, discussed in the previous sections, has shown that Mesozoic and Cenozoic basin development was complex, and resulted in the formation of a number of half-grabens divided by ridges and highs (Fig. 1) . As this area is situated next to the proven West of Shetland oil and gas province (Goodchild et al. 1999; Herries et al. 1999; Lamers & Carmichael 1999) , it is likely that also the neighbouring Faroes Shelf contains the play elements necessary to form active hydrocarbon systems.
By correlation to the West of Shetland area, Middle and, particularly, Upper Jurassic source rocks, dominated by lagoonal/restricted marine and open marine organic-rich shales respectively, are likely to have developed in the Faroese part of the Faroe-Shetland Trough (Iliffe et al. 1999; Lamers & Carmichael 1999) . This is supported by seismic, gravimetric and magnetic investigations, which show the existence of possible deep Jurassic basins below the central part of the Faroes basalt shield. Also laser flourescensor and surface geochemical investigations, carried out by World Geoscience and Geo Boy respectively, support the presence of a petroleum system in the Faroes basalt-covered area. Upper Jurassic source rocks are anticipated to be more widely extended than the Middle Jurassic source rocks, which may be limited to the Judd Basin. In the Judd Basin, along the Westray Ridge, and perhaps also along the flanks of the Judd and Munken basins (the latter is situated under the Faroes basalt-covered area), burial of the Jurassic is shallower than under the central basalt shield.
As known from the West of Shetland area, the Middle and Upper Jurassic source rocks may represent a wide range of organic facies which, accompanied by differentiated burial and thermal maturation, has resulted in generation of significant amounts of oil and gas (Doré et al. 1997; Iliffe et al. 1999) . Furthermore, as some of the Paleocene discoveries of the Foinaven-Schiehallion complex in the UK sector are known to have been charged from oil-prone Kimmeridge Clay equivalents, similar source intervals are likely to occur also on the Faroes shelf. Because of deep burial, the northern Faroes area, the central basalt-covered areas and the Faroe Bank Basin area may be categorized as largely gas-prone. However, details on source rock facies, thickness, lateral distribution and thermal history, and hence regional distribution of oil-and gas-prone sediments on the Faroes shelf, still remain major unknowns. Some of these may be analysed by modelling, which may also provide constraints regarding migration, timing and preservation of hydrocarbon accumulations and phases.
Good sandstone reservoirs and conduit beds are likely to have developed in both the Jurassic, Cretaceous and Lower Tertiary sequences, and may have resulted from deposition of shallow to deep marine sandstone facies, including turbidite facies, as known from the Paleocene Foinaven and Schiehallion fields in the UK sector (Lamers & Carmichael 1999) . Sandstone quality will depend on provenance, mode of transportation and deposition, as well as burial diagenesis (Sullivan et al. 1999) .
Oil generation and expulsion from the Middle and Upper Jurassic source rocks in the Faroe-Shetland area started in latest Cretaceous to earliest Tertiary times because of increased deposition and basin subsidence (Iliffe et al. 1999) . Lower to Middle Cretaceous sandstones, sealed by mudstones of Late Cretaceous age, are believed to have formed intermediate (i.e. 'storage') reservoirs (Doré et al. 1997) .
Oil and early to late gas generation continued in the rapidly subsiding kitchen areas until Early Eocene times. In areas of marked reservoir pressure build-up, opening of faults and vertical fracturing above the intermediate reservoirs may have facilitated effective vertical migration as early as this period (Iliffe et al. 1999) . It is, therefore, possible that overlying Paleocene sandstones (where present) were charged at relatively shallow depths, which, in turn, may explain the localized biodegradation phenomena observed in the UK sector.
Thus, seal breaching may have led to marked leakage of the early oil accumulations in the intermediate Lower Cretaceous reservoirs. This model has been used to explain filling of Paleocene sandstone reservoirs in the Foinaven area, where remigrated (and partly biodegraded) 'old' oil, believed to have been expelled from underlying Cretaceous reservoirs, is mixed with more recently generated oil (Lamers & Carmichael 1999; Parnell et al. 1999) .
In the Judd Basin, sealing is probably the main risk for the Paleocene sandstone play, as good regional seals are known from the UK only above the T28 and T34 sequences, and also because of extensive Middle Eocene-Recent inversion. The long-lasting inversion phase, with uplifts to about 700 m (Figs 9 and 10), is likely to have resulted in gas expansion and, consequently, possible leakage of oil and gas from Paleocene reservoirs up into the overlying Eocene sequences or higher. Frequent gas chimneys on the seismic data confirm that leakage from Paleocene, in particular, has occurred and occasionally reached the seabed (Figs 9 and 12 ).
In the western and northern part of the Judd and Corona basins, where possible Paleocene reservoirs underlie flood basalts (Fig. 7) , charging of potential reservoirs may have taken place in a way similar to the Foinaven area. These areas were not inverted during the Middle Eocene, which may have increased the preservation potential of possible pre-Eocene accumulations. The exploration risk here, however, is at present greater because of generally poor seismic resolution of the Paleocene section.
The Faroe Bank Basin and the northeastern Faroese shelf represent areas where deeply buried Jurassic source rocks may have potential for gas, which may have accumulated within the Paleocene succession. Sedimentary structures have been interpreted from below the basalts. The thickness and 'sandproneness' of the Paleocene succession, however, is at present unknown.
Lower Eocene Balder and Flett Formation sandstone sequences overlying the basalt may be considered potential exploration targets on the eastern Faroese shelf. Figure 3 shows possible gas accumulations in presumed Early Eocene Hildassay Sandstone, situated just above the basalt. Such an accumulation is envisaged to have been sourced via basementattached faults.
In conclusion, the proven oil sourcing of the Foinaven Field, combined with the thin to complete absence of basalt cover, makes the southeastern part of the Faroese shelf an attractive exploration area. The most promising play appears to be structural/stratigraphic Paleocene slope and basin floor fans overlying deep faults and/or pre-Tertiary 'storage' reservoirs. With reference to the UK sector, additional play types may include Upper Palaeozoic and Mesozoic sandstones, situated in structural traps (Knott et al. 1993; Grant et al. 1999; Iliffe et al. 1999) . In addition, sourcing of oil and gas may also have taken place from, for example, Cretaceous intervals (Doré et al. 1997) .
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